less favorable, background for the parasite to dwell in.
One important host pathway impacted by parasite factors is apoptosis. Apoptosis is a genetically-programmed cell death mechanism [11] . There are two basic apoptotic signaling pathways: the extrinsic and the intrinsic pathways. The two apoptosis pathways converge on a common "execution" phase, which is driven by proteases known as caspases. Upon activation, these caspases cleave specific substrates and this will subsequently lead to the demise of the cell. The extrinsic pathway of apoptosis is initiated by the binding of death ligands such as the Fas ligand or TNF-α, to specific "death receptors" of the TNF receptor superfamily. The intrinsic pathway is activated by a variety of internal stimuli, including growth factor deprivation, DNA damage, oxidative stress, as well as invasion by pathogens. This pathway is largely centered around the mitochondria [12] . Bcl-2 family members, such as Bax and Bak, trigger a mitochondrial outer membrane permeabilization (MOMP) event that will, in turn, lead to the release of mitochondrial intermembrane space proteins, including cytochrome c (Fig.  1) . Once in the cytosol, cytochrome c binds an adaptor molecule called apoptotic protease-activating factor 1 (Apaf-1), leading to its oligomerization to form a heptameric structure called the apoptosome [13] (Fig. 1) . The apoptosome recruits and activates pro-caspase-9 that, in turn, cleaves and activates the executioner caspases-3 and -7 in mammals.
As mentioned above, apoptosis is one of the ways mammalian cells can respond to an infection by pathogens [14] . As the death of the infected cell is usually concomitant with the death of the infecting agent, self-destruction can promote efficient pathogen clearance. Several intracellular pathogens, including T. gondii, have thus apparently evolved means of interfering with the apoptosis machinery in order to keep their host alive, at least for the time needed for them to replicate efficiently. On the other hand, one should note that a highly virulent type I Toxoplasma strain is also known to be able to stimulate host apoptosis in splenic tissues [15] , and one can imagine that inducing apoptosis specifically in lymphocytes and other immune cells can contribute to parasite immune evasion during the acute phase of infection. However, in permissive cell types, infection by T. gondii has been shown to render these cells generally resistant to multiple inducers of apoptosis [16] . A number of subsequent studies have been suggesting that the parasite is manipulating the apoptosis machinery at multiple levels: inhibiting the release of cytochrome c from mitochondria to the host cell cytosol [17] , affecting the balance of pro-and anti-apoptotic BCL-2 family members [18] , directly interfering with caspase processing and function [19] , blocking upstream signaling pathways [20] , etc… The situation is quite complex and the mode of action is also probably depending on the parasite strains and host cell types that are being considered.
A recent report by Graumann et al. [21] , gives new insights into the mechanisms of apoptosis inhibition by a type II T. gondii strain. Using a mitochondria-free in vitro reconstitution system, the authors demonstrate that there is a direct anti-apoptotic activity mediated by parasitic factors. More precisely, Toxoplasma protein lysates inhibit the binding of caspase 9 to Apaf-1, thereby abrogating caspase 9 activity and subsequent caspase 3/7 activation. Therefore, in addition to being able to inhibit cytochrome c release from host mitochondria, the parasite has another way of interfering with host apoptosis by directly preventing the recruitment of caspase 9 to the apoptosome.
Numerous factors, such as NF-κB or p53 [22] , have been reported to be involved in the regulation of apoptosis FIGURE 1: Schematic representation of Toxoplasma / host interactions, with a particular focus on the control of host apoptosis. The tachyzoite form actively invades its host cell and establishes itself in a parasitophorous vacuole in which it will multiply before egressing, and as a consequence destroy its host. Through the course of infection, the parasite is able to sequentially secrete rhoptry (ROP) and dense granule (GRA) proteins that will lead to the extensive modification of its host cell. Host organelles are recruited around the parasitophorous vacuole, potentially to serve as a nutrient source. The parasite is also able to modulate host protein expression by acting on host signaling pathways and transcription factors. This will influence host survival by altering the expression of key regulators of apoptosis, but as yet unidentified parasite effectors are also able to directly inhibit host apoptosis by interfering with apoptosome formation. MOMP: mitochondrial outer membrane permeabilization.
pathways and there are now increasing evidences that Toxoplasma can extensively modulate several of these transcription factors, especially for interfering with the host immune response. Although there is a clear impact of parasite infection on host cell apoptosis, the question remained if this was not after all, a mere consequence of the parasite trying to alter primarily other pathways of the host. For example, type II tachyzoites are known to be able to up-regulate the NF-κB pathway through the action of GRA15 [8] , which ultimately modulates the host immune response by the induction of cytokines such as interleukin 12, but this would also concomitantly lead to an inhibition of host apoptosis [20] . The fact that parasite proteins are potentially able to specifically and directly interfere with the host apoptosis machinery, as shown by the work of Graumann et al. [21] and already suggested by other findings of the same group using parasite-secreted protein extracts [17] , is a clue that there is an active manipulation of the pathway by Toxoplasma. It is a convincing evidence that the parasites would actively block host apoptosis to their advantage in order to keep their host cell alive during their own multiplication. Of course, the molecular identification of the parasitic factors interfering with apoptosome assembly is now eagerly anticipated, as well as knowing how they reach the host cell cytosol and can have access to the apoptosome machinery.
